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Abstract 1 
Fe-montmorillonite (Fe-Mt) was prepared and tested for its potential application in the simultaneous 2 
removal of hexavalent chromium (Cr(VI)) and rhodamine B (RhB) from aqueous solution. The 3 
adsorption kinetics and capacities of Fe-Mt toward Cr(VI) and RhB were determined in relation to the 4 
initial contaminant concentration, pH of the solution and concentration of coexist contaminant. The 5 
adsorption kinetics of Cr(VI) or/and RhB in both single and simultaneous systems were investigated, 6 
which showed that an equilibrium time of a few hours was needed for the adsorption of Cr(VI) and 7 
RhB on Fe-Mt. The pseudo-second order model offers a better fit than pseudo-first order model for 8 
the Cr(VI) and RhB adsorption. Compared with the single adsorption systems, adsorption rates and 9 
quantities of Cr(VI) and RhB adsorbed on Fe-Mt were slightly enhanced in the simultaneous 10 
adsorption system. The most effective pH range for the removal of Cr(VI) and RhB was found to be 11 
3.0–4.0. Cr(VI) adsorption isotherms were best represented by the two-site Langmuir model while 12 
RhB isotherms followed the Freundlich model. For both contaminants, the adsorption of one 13 
contaminant increases with increase in the initial concentration of the other one. Therefore, Fe-Mt 14 
could simultaneously remove Cr(VI) and RhB from water. The properties of Fe-Mt were 15 
characterized by X-ray diffraction (XRD), scanning electron microscope (SEM), and 16 
thermogravimetric analysis (TG). The findings of this study provide novel information for the 17 
development of clay-based adsorbents toward dyes and heavy metals. 18 
Keywords: Simultaneous adsorption; Fe-montmorillonite; Hexavalent chromium; Rhodamine B;  19 
 20 
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1. Introduction 21 
One of the negative effects of over industrialization is that various toxic chemicals are released from 22 
industry sites into water and soil. For example, wastewaters from leather tanning, textile, paper and 23 
many other industries always contain considerable amount of dyes and heavy metals. Rhodamine B 24 
(RhB) and hexavalent chromium (Cr(VI)) are widely used in such industries. Being carcinogen 25 
chemicals, Cr(VI) and RhB are not only harmful to the environment but also becoming a potential 26 
threat to the health of animals and human beings (Fisher, 1999; Sparks, 2005; USEPA, 2014). Hence, 27 
removal of both contaminants from wastewater has a high priority. Adsorption is generally considered 28 
as one of the most economical and effective methods for the removal of these contaminants from 29 
water and various adsorbents have been developed (Yuan et al., 2009; Yuan et al., 2010; Ding et al., 30 
2014; Salgado-Gómez et al., 2014). However, few studies were focused on simultaneous adsorption 31 
of both contaminants, since they often coexist in the wastewater and their fate and transport may be 32 
significantly affected by each other.  33 
Montmorillonite is an example of naturally abundant clay minerals that have been widely used in 34 
environmental remediation (Bergaya and Lagaly, 2013). Unmodified montmorillonite can efficiently 35 
remove cationic contaminants (e.g. RhB) from water through cation exchange of its original cations in 36 
the interlayer space (Undabeytia et al., 1998; Selvam et al., 2008; Yuan et al., 2013; Bhattacharyya et 37 
al., 2014). However, because of the permanent negative charged layer surface, it has a poor affinity 38 
for anionic contaminants (e.g. oxyanion of Cr(VI)) (Zhou et al., 2010). Interestingly, poly-hydroxyl 39 
metal modified montmorillonite (Hy-Mt) exhibit a strong affinity for both cationic and anionic 40 
contaminants due to the high reactivity of the surface hydroxyl groups (Karamanis and 41 
Assimakopoulos, 2007; Schlegel and Manceau, 2007; Yan et al., 2008; Wu et al., 2009; Yan et al., 42 
2010; Zhu et al., 2014; Ma et al., 2015). As a low-cost adsorbent, the adsorption behaviours of poly-43 
hydroxyl iron modified montmorillonite (Fe-Mt) toward ionic dyes or oxyanions from water have 44 
received a lot of attention (Borgnino et al., 2010; Zhou et al., 2010; Hou et al., 2011). Previous studies 45 
showed that Fe-Mt has very good adsorption capacities toward RhB or Cr(VI) (Zhou et al., 2010; Hou 46 
et al., 2011). However, the simultaneous adsorption behaviours of these contaminants on Fe-Mt were 47 
seldom mentioned. 48 
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The adsorption mechanism of oxyanions on Hy-Mt might be ligand exchange, i.e. the replacement of 49 
surface hydroxyls by oxyanions, and then the adsorbed oxyanion may form inner-sphere complexes 50 
on the surface of Hy-Mt (Zhu and Zhu, 2007; Zhu et al., 2014; Ma et al., 2015).  For the cationic 51 
contaminants, they can be adsorbed on Hy-Mt through cation exchange, and the exchangeable cation 52 
may originate from interlayer metal cations and/or the proton from the surface hydroxyl groups 53 
(Matthes et al., 1999; Zhu et al., 2014). As oxyanions and cationic contaminants might have same 54 
adsorption sites on the surface of Fe-Mt, the simultaneous adsorption behaviours of Cr(VI) and RhB 55 
on Fe-Mt are worth studying.  56 
In this study, the simultaneous adsorption behaviours of Cr(VI) and RhB on the surface of Fe-Mt were 57 
investigated. Fe-Mt was prepared from a combination of polymeric hydroxyiron and montmorillonite 58 
and characterized by X-ray diffraction (XRD), scanning electron microscope (SEM), and 59 
thermogravimetric analysis (TG). Adsorptions in single and simultaneous systems were studied and 60 
the effects of pH and initial concentration of coexist contaminant were evaluated. Adsorption kinetics 61 
and equilibrium isotherms were also investigated to reveal the adsorption rates, maximum capacities 62 
and possible mechanism of Cr(VI) and RhB adsorption on Fe-Mt. 63 
 64 
2. Materials and Methods 65 
2.1 Materials 66 
The Ca-montmorillonite (STx-1) was purchased from the Source Clay Mineral Repository (Columbia, 67 
MO, USA) and was denoted as Mt. The cation exchange capacity (CEC) is 84.4 meq/100g. The 68 
Rhodamine B (RhB), with purity > 95%, was purchased from Sigma-Aldrich. The K2Cr2O7, Na2CO3 69 
and FeCl3 were supplied by Chem-Supply Pty. Ltd., Australia. All chemicals were analytical grades 70 
and used without further purification. 71 
2.2 Preparation of Fe-montmorillonite 72 
Preparation of Fe-Mt was undertaken by a similar procedure described previously (Yuan et al., 2008; 73 
Wu et al., 2009).The solution containing poly-hydroxyl iron was prepared as follows: 1 M Na2CO3 74 
solution was prepared and added dropwise into a 0.25 M FeCl3 solution under vigorous stirring. The 75 
final OH/Fe molar ratio was 2.0. Under continuous stirring for 12 h, the resultant solution was aged 76 
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for another 12 h at room temperature for further use.  77 
5 g of Mt was dispersed into 100 ml of deionized water. The poly-hydroxyl iron solution was added 78 
slowly into the clay dispersion which was kept under vigorous stirring in a water bath at 60°C until a 79 
ratio of 10 mmol Fe per gram of clay was reached; after addition of the pillaring solution, the reaction 80 
mixture was stirred for 12 h, and then aged for 12 h at 60°C. The mixture was filtered and washed 81 
with distilled water until chloride ions were completely removed. The product was air-dried at 50°C 82 
overnight and denoted as Fe-Mt.  83 
2.3 Characterization of adsorbents 84 
Powder X-ray diffraction (XRD) patterns were collected using Ni-filtered CuKα radiation (λ = 0.154 85 
nm on a PANalytical X’Pert PRO MPD diffractometer which was operated at 40 kV and 40 mA with 86 
0.5° divergence slit and 1.52 mm anti-scatter slit between 3.5° and 75° (2θ) at a step size of   0.0167°. 87 
Thermogravimetric analysis (TG) was performed on a TGA-Q500, TA Instruments Inc. USA. The 88 
samples were heated from room temperature to 1000°C at a rate of 10°C/min under a flow of high-89 
purify nitrogen (40 ml/min). 90 
A Zeiss Sigma field scanning electron microscope (FESEM) with integrated energy dispersive X-ray 91 
analyser (EDX) system was used for morphological studies. All samples were coated with gold before 92 
the SEM studies. 93 
2.4 Adsorption experiments 94 
The uptakes of Cr(VI) and RhB were investigated via equilibration and kinetic measurements at pH 4. 95 
For the equilibration measurement, both Cr(VI) and RhB were adsorbed simultaneously on Fe-Mt. 96 
The initial concentration of one contaminant was 5–50 mg/L for Cr(VI) or 80–320 mg/L for RhB, the 97 
other one was kept as a constant at 200 mg/L for RhB or 15 mg/L for Cr(VI). In the case of kinetic 98 
measurement, the adsorptions of Cr(VI) and RhB in both single and binary systems were investigated 99 
with the initial concentration of 15 mg/L for Cr(VI) or/and 200 mg/L for RhB.  100 
Batch experiments were performed at room temperature using glass reactors under stirring to 101 
investigate the adsorption capacity of Fe-Mt (1 g/L) in aqueous solution. The adsorbent was separated 102 
by centrifugation at 5000 rpm for 5 min. The initial pHs of the dispersions were adjusted using 0.1 M 103 
HCl and NaOH. The concentration of Cr(VI) in the supernatant was determined by inductively 104 
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coupled plasma optical emission spectrometer (ICP-OES, Perkin Elmer Optima 8300 DV) and that of 105 
RhB was analysed on a UV-Vis spectrophotometer (Agilent Technologies Cary 60) at a wavelength 106 
of 553 nm. Control experiments indicated no loss of both contaminants in solution in the adsorption 107 
process with no interference occurred between two contaminants during their analysis. 108 
2.5 Desorption experiments 109 
Desorption studies were conducted by removing the supernatant after the adsorption equilibrium, 110 
replacing the solution with an equal volume of 0.01 M KCl solution at pH 4, and then shaking for 24 111 
h. These steps were repeated three times and the concentrations of Cr(VI) and RhB in the supernatant 112 
after each desorption cycle were determined. The initial concentrations of adsorption were 15 mg/L 113 
for Cr(VI) and 200 mg/L for RhB. 114 
 115 
 116 
3. Results and discussion 117 
3.1 Characterization of adsorbent 118 
The structures of the raw Mt and Fe-Mt were investigated using XRD, SEM and TG. The d001-values 119 
of Mt and Fe-Mt were comparable, 1.51 nm for Mt and 1.49 nm for Fe-Mt (Fig. 1). According to 120 
Yuan et al. (2008), compared with raw Ca-montmorillonite (Ca-Mt), the d-spacing value of Fe-121 
pillared Ca-Mt was slightly decrease to 1.47 nm (similar to this study) due to the cation exchange of 122 
the original Ca2+ by hydroxyiron cations. The appearance of several weak reflections at ~ 11.8, 16.8, 123 
26.7, 39.2, 46.4, and 55.9° 2θ in the pattern of Fe-Mt is consistent with the formation of polymeric 124 
hydroxyiron species, suggesting the successful loading of hydroxyiron on montmorillonite (Zhu et al., 125 
2014).  126 
According to the EDX and SEM images of Mt and Fe-Mt, Mt had a face-to-edge structure between 127 
particles with random orientation (Fig. 2a). With the loading of hydroxyiron, Fe-Mt had relatively 128 
smaller particles and some smaller pores on the surface (Fig. 2b). Elemental composition of the 129 
surface was determined by EDX. Compared with Mt, iron content on the surface of Fe-Mt sharply 130 
increased after hydroxyiron loading but calcium content dramatically decreased to trace (Fig. 2b), 131 
indicating the calcium irons were exchanged by hydroxyirons. More loaded hydroxyiron could 132 
7 
 
provide more reactive adsorption sites for the contaminants (Zhu and Zhu, 2007; Zhu et al., 2009). 133 
HoweverFot the content of calcium, 134 
The TG analyses for the samples were also studied (Fig. 3). In the curve of Mt, two major mass losses 135 
were observed: the mass loss below 200°C was due to the removal of physical-adsorbed water while 136 
that at 500–700°C was ascribed to the dehydroxylation of the layer structure. Similar to that in Mt, the 137 
TG curve of Fe-Mt showed a large mass loss below 200°C from the evaporation of adsorbed water, 138 
and a mass loss in the range of 200–700°C due to the dehydroxylation of hydroxyiron and the layer 139 
structure (Yuan et al., 2008). In the temperature range of 200–500°C, the mass loss of Fe-Mt mainly 140 
corresponded to the dehydroxylation of loaded hydroxyiron since the absence of evident mass loss on 141 
the TG curve of Mt. The larger mass loss of Fe-Mt (3.42%) than that of STx-1 (0.91%) in this range 142 
suggested the existence of hydroxyiron on Fe-Mt, which was consistent with the EDX results. 143 
According to the above characterization, the hydroxyiron successfully loaded on Mt, but the iron 144 
aggregates mainly loaded on the external surface of Mt and interparticle pores (Yuan et at., 2008), and 145 
the intercalated ions might be hydroxyiron ions with small size. 146 
 147 
3.2 Adsorption kinetics  148 
The adsorption kinetics of Cr(VI) and RhB on Fe-Mt in both single and simultaneous systems were 149 
investigated. In both systems, Fe-Mt displayed quite high removal percentages toward Cr(VI) (69–150 
71%) and RhB (85–91%) (Fig. 4). All adsorption processes were very fast at the beginning, and then 151 
progressed and plateaued within 360 min (Fig. 4). Compared with adsorptions in the single system, 152 
more of the two contaminants were adsorbed in the simultaneous system, indicating that Cr(VI) and 153 
RhB were adsorbed synergistically in the latter system.  154 
In order to better understand the adsorption behaviours of Cr(VI) and RhB on Fe-Mt, both Lagergen’s 155 
pseudo-first order equation (Eq. 1) and pseudo-second order equation (Eq. 2) were used to analyse the 156 
adsorption of Cr(VI) and RhB on Fe-Mt (Ho and McKay, 1999; Karamanis and Assimakopoulos, 157 
2007). 158 
ௗ௤೟
ௗ୲ ൌ ݇ଵ ∙ ሺݍ௘ െ ݍ௧ሻ     (1) 159 
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ௗ௤೟
ௗ௧ ൌ ݇ଶ ∙ ሺݍ௘ െ ݍ௧ሻଶ   (2) 160 
Integrating Eq. (1) and (2) for the boundary condition qt = 0 to qt = qt at t = 0 to t = t, the equations 161 
can be given as: 162 
ݍ௧ ൌ ݍ௘൫1 െ ݁ି௞భ୲൯    (3) 163 
௧
௤೟ ൌ
ଵ
௞మ௤೐మ ൅
ଵ
௤೐ ݐ           (4) 164 
Where qe (mg/g) and qt (mg/g) are the amount of solute adsorbed by adsorbent at equilibrium and at 165 
time t (min), respectively; k1 (1/min) and k2 (g/mg·min) are the rate constants of pseudo-first and 166 
pseudo-second order models, respectively. Compared with the linear correlation coefficient R2, kinetic 167 
data for the adsorption of both Cr(VI) and RhB on Fe-Mt in two systems were in good agreement with 168 
the pseudo-second order rate equation (Table 1). Besides qe values, k2 values of Cr(VI) and RhB 169 
adsorption in the simultaneous system were slightly larger than that in the single systems (Table 1), 170 
indicating that Fe-Mt could simultaneously remove both contaminants at faster rates than that in the 171 
single systems, especially for the adsorption of Cr(VI). 172 
 173 
3.3 Effect of pH 174 
In the present study, simultaneous adsorptions of Cr(VI) and RhB onto Fe-Mt were highly dependent 175 
on the pH value of the solution and maximum removals of Cr(VI) and RhB occurred at initial pH ~3.0 176 
for Fe-Mt (Fig. 5). The decrease in the adsorptions of Cr(VI) and RhB below pH 3.0 might be 177 
attributed to the dehydroxylation of hydroxyl-iron, since evident release of Fe was observed when pH 178 
was below 3.0 (Fig. 6). A similar phenomenon was also observed in previous research works (Zhou et 179 
al., 2010; Hou et al., 2011). The adsorption capacity of Fe-Mt towards both Cr(VI) and RhB sharply 180 
decreased with increase in pH from 4.0 to 10 (Fig. 5). In the pH range of 1.0–6.0, HCrO4– is the 181 
predominant species of Cr(VI) while above pH 6.0, Cr (VI) exists mainly as CrO42–(Weng et al., 182 
2008). With increase in pH, the observed decrease in Cr(VI) adsorption onto Fe-Mt  might be due to 183 
the competitive adsorption between OH– and Cr(VI) anions (Zhou et al., 2010). In addition, according 184 
to Zhou et al. (2010), the pHzpc value of Fe-Mt is about 5.8, hence the positive charge on the surface 185 
of Fe-Mt decreased with increase in pH, resulting in weaker electrostatic attraction between Fe-Mt 186 
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and Cr(VI) anions. For the adsorption of RhB, the zwitterionic form of RhB increased when the pH 187 
value was above 4.0, which was unfavourable for the adsorption of RhB onto Fe-Mt (Hou et al., 2011). 188 
The released amount of Fe dramatically increased when the pH value was below 3.0 (Fig. 6); hence 189 
pH range of 3.0–4.0 was the optimum pH value for the simultaneous adsorption of Cr(VI) and RhB 190 
onto Fe-Mt.  191 
 192 
3.4 Adsorption isotherms 193 
Equilibrium adsorption studies were performed to investigate the adsorption capacities and 194 
mechanisms of Fe-Mt toward Cr(VI) and RhB. The uptakes of Cr(VI) and RhB on Fe-Mt were 195 
quantitatively evaluated using the one or two-site Langmuir model:  196 
ݍ௘ ൌ ∑ ௄೔஼೐ଵା௄೔஼೐ ܳ௜
௠௜ୀଵ    (5)  197 
Where qe is the adsorption capacity at equilibrium (mg/g), Ce is the equilibrium concentration of 198 
Cr(VI) or RhB in the solution (mg/L), m is the number of energetically different adsorption sites, Qi 199 
(mg/g) and Ki are the adsorption capacity and isotherm constant, respectively. 200 
The Freundlich model was also used as: 201 
ݍ௘ ൌ ܭிܥ௘
భ
೙                  (6) 202 
Where qe and Ce  are as described in the Langmuir model, n is constant related to the energy of 203 
adsorption and KF is a physical constants related to adsorption capacity.  204 
The values of normalized standard deviation (SD(%)) were calculated using an equation as: 205 
SDሺ%ሻ ൌ 100 ൈ ට∑ൣ൫௤೐
೐ೣ೛ି௤೐೎ೌ೗൯/௤೐೐ೣ೛൧
మ
ேିଵ      (7) 206 
Where the superscripts “exp” and “cal” are the experimental and calculated values with the fitted 207 
parameters and N is the number of measurements. 208 
The values of the isotherm constants in Table 2 were determined by fitting the above equations to the 209 
experimental data. To assess the different isotherms and their validity to correlate experimental results, 210 
the experimental data and the theoretical plots for each isotherm could be shown together (Fig. 7). 211 
The Freundlich model presented a better fit for Cr(VI) adsorption data than the one-site Langmuir 212 
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isotherm (Fig. 7a). As indicated by the R2 (Table 2); however, the two-site Langmuir model fitted the 213 
experimental results even better, suggesting the existence of heterogeneity (Karamanis and 214 
Assimakopoulos, 2007). The SD(%) value and error of estimated parameters were very low, 215 
indicating a very good mathematical fit. The two-site Langmuir constants for the adsorption of Cr(VI) 216 
showed that the high-affinity sites exist with slight higher adsorption maximum (57%) than that of 217 
low-affinity (43%). For the adsorption of RhB, the high SD(%) value at 28.73 of the one-site 218 
Langmuir model was dramatically reduced to 3.44 with the application of the two-site Langmuir 219 
model (Table 2). The determined constants of two-site Langmuir models showed that high and low 220 
affinity sites exist with comparable adsorption capacities at 48% and 52%, respectively. According to 221 
the R2 value, Freundlich model described RhB adsorption on Fe-Mt even better (Table 2). The 222 
empirical Freundlich model is applicable to multilayer adsorption on heterogeneous surface (Foo and 223 
Hameed, 2010). The observed better fit of the experimental data with Freundlich isotherm can be 224 
attributed to  heterogeneous distribution of active sites on Fe-Mt (Karamanis and Assimakopoulos, 225 
2007; Foo and Hameed, 2010). The Freundlich coefficients, 1/n, are < 1, indicating that the 226 
adsorptions of Cr(VI) and RhB on Fe-Mt are favorable. 227 
Although some other clay-based materials had been used to removal Cr(VI) or RhB from water (Table 228 
3), simultaneous adsorption behaviors of Cr(VI) and RhB on clay minerals were seldom reported. 229 
Compared to these reported absorbents, Fe-Mt as a low-cost and rapid adsorbent shows comparable 230 
adsorption capacities toward both Cr(VI) and RhB, which is desirable for the treatment and 231 
purification of wastewater samples and soils containing both pollutants. 232 
 233 
3.5 Effect of the coexist contaminant 234 
To better understand the simultaneous adsorption behaviours of Cr(VI) and RhB on Fe-Mt, the effects 235 
of initial concentration of one contaminant on the adsorption of the other one were investigated (Fig. 236 
8). The adsorbed amount of Cr(VI) on Fe-Mt increased with increase in initial concentration of RhB 237 
(Fig. 8a). When the initial concentration of RhB exceeded 200 mg/L, the adsorption gradually reached 238 
its maximum.  With increase in initial concentration of Cr(VI), the adsorption of RhB on Fe-Mt was 239 
also enhanced (Fig 8b), which reached its maximum when the initial concentration of Cr(VI) was 240 
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higher than 10 mg/L. These findings suggest that the adsorption of Cr(VI) and RhB on Fe-Mt is 241 
without competition and the adsorbed contaminant may provide additional sites for the adsorption of 242 
the other contaminant.  243 
In previous studies, the possible mechanisms for the synergistic adsorption of heavy metal cations and 244 
oxyanions on metal (oxyhydro) oxide include the formation of ternary complexes, surface 245 
precipitation, and enhanced electrostatic interaction (Collins et al., 1999; Grafe et al., 2004; Swedlund 246 
et al., 2009; Elzinga and Kretzschmar, 2013; Zhu et al., 2014; Ma et al., 2015). Zhu et al (2014) have 247 
reported that the synergistic adsorption of Cd(II) and phosphate on hydroxyiron-montmorillonite 248 
complexes could be attributed to the formation of P-bridge ternary complexes on the adsorbent 249 
surface. However, the properties of RhB are very different from that of heavy metal cations. 250 
Therefore the possible mechanism of synergistic adsorption of Cr(VI) and RhB need to be further 251 
studied using spectroscopic methods and mechanical calculations. 252 
3.6 desorption processes 253 
Besides for a better understand the adsorption process, desorption experiments also give insight into 254 
the long-term stability of the adsorbed contaminants, which is of great importance in wastewater 255 
treatment application. With three consecutive steps of equilibration with 0.01 M KCl, 14.9% of Cr(VI) 256 
and 9.9% of RhB were totally released from saturated Fe-Mt, and most of released Cr(VI) and RhB 257 
were remobilized to the solution phase during the first desorption cycle (Table 4). The low desorption 258 
amounts of Cr(VI) and RhB suggest the high affinity of two contaminants for Fe-Mt. 259 
 260 
 261 
 262 
4. Conclusion 263 
The results of this study indicate that the hydroxyiron-montmorillonite is a very promising adsorbent 264 
for the removal of hexavalent chromium (Cr(VI)) and rhodamine B (RhB) from aqueous solution 265 
simultaneously. The adsorptions of Cr(VI) and RhB on Fe-Mt follow the pseudo-second order model. 266 
The adsorption rates and capacities of Fe-Mt toward Cr(VI) and RhB were slightly higher than those 267 
in the corresponding single adsorption systems. The most effective pH range was found to be 3.0–4.0 268 
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for the removal of both contaminants. The adsorption isotherm of Cr(VI) was best fitted with the two-269 
site Langmuir model while RhB isotherm best followed the Freundlich model. For both contaminants, 270 
the adsorption of one contaminant increased with increase in the initial concentration of the other one. 271 
Therefore, Cr(VI) and RhB could be simultaneously adsorbed onto Fe-Mt and this offers a potentially 272 
useful method for the simultaneous removal of these pollutants from the environment.  273 
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Figure captions 366 
 367 
Fig. 1 X-ray diffraction (XRD) patterns of Mt and Fe-Mt. The reflections labelled ▼ belong to 368 
polyhydroxy-iron (primary akaganeite). 369 
 370 
Fig. 2 EDX and SEM images of (a) Mt and (b) Fe-Mt. 371 
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 372 
Fig. 3 TG curves of raw Mt and Fe-Mt. 373 
 374 
Fig. 4 Adsorption kinetics of Cr(VI) (a) and RhB (b) on Fe-Mt (1 g/L) in single (Cr or RhB) and 375 
simultaneous (Cr + RhB) systems.(C0, Cr = 15 mg/L, C0, RhB = 200 mg/L). 376 
 377 
Fig. 5 Effect of pH on simultaneous adsorption of Cr(VI) (C0, Cr = 15 mg/L) and RhB (C0, RhB = 200 378 
mg/L)  on Fe-Mt (1 g/L). 379 
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 380 
Fig. 6 The released amount of Fe ions from Fe-Mt at various pHs.  381 
 382 
Fig. 7 Comparison of the Langmuir and Freundlich isotherms for the simultaneous adsorption of 383 
Cr(VI) (a) and RhB (b) on Fe-Mt. 384 
 385 
Fig. 8 (a) The effect of initial concentration of RhB on the adsorbed amount of Cr(VI) on Fe-Mt (C0, Cr 386 
= 15 mg/L); (b) The effect of initial concentration of Cr(VI) on the adsorbed amount of RhB on Fe-Mt 387 
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(C0,RhB = 200 mg/L). 388 
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Table 1 Kinetic parameters for Cr(VI) and Phodamine B (RhB) adsorption onto Fe-Mt 389 
Adsorbates 
Pseudo-first-order model  Pseudo-second-order model 
qe (mg/g) k1 (1/min) R2  qe (mg/g) k2 (g/mg·min) R2 
Single system        
Cr(VI) 9.53 0.0382 0.9539  10.31 5.40×10-3 0.9939
RhB 157.23 0.0357 0.9638  170.89 2.97×10-4 0.9948
Simultaneous system        
Cr(VI) 10.04 0.0722 0.9560  10.65 1.14×10-2 0.9952
RhB 170.52 0.0422 0.9863  182.12 3.55×10-4 0.9920
21 
 
Table 2 Langmuir and Freundlich equation parameters for the simultaneous adsorption of Cr(VI) and 390 
Rhodamine B (RhB) onto hydroxyiron-montmorillonite 391 
Values and parameters Cr(VI) RhB 
Freundlich   
KF  8.70 ± 0.26 115.89 ± 2.54 
1/n 0.12 ± 0.01 0.156 ± 0.006 
R2 0.970 0.994 
SD(%) 5.80 2.01 
One-site Langmuir   
Q (mg/g) 11.75 ± 0.59 205.73 ± 16.53 
K (L/mg) 25.91 ± 13.29 1.56 ± 1.03 
R2 0.761 0.665 
SD(%) 13.14 28.73 
Two-site Langmuir   
Q1 (mg/g) 7.74 ± 0.43 123.28 ± 12.08 
K1 (L/mg) 70.42 ± 12.22 17.06 ± 7.33 
Q2 (mg/g) 5.74 ± 0.36 135.48 ± 16.89 
K2 (L/mg)  0.27 ± 0.07  0.04 ± 0.02 
R2 0.997 0.977 
SD(%) 0.86 3.44 
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Table 3 Comparison of adsorption capacities of clays and other adsorbents for Cr(VI) and RhB. 392 
Adsorbents Qm (mg/g)* pH Reference 
Cr(VI)    
Fe-Mt 13.48 4 This study 
Fe/Zr4:1 pillared montmorillonite 22.34 3 (Zhou et al., 2010) 
Zr pillared montmorillonite 19.24 3 (Zhou et al., 2010) 
Montmorillonite support magnetite 13.88 3 (Yuan et al., 2009) 
Chitosan-montmorillonite 9.36 4.5 (An and Dultz, 2008) 
HDPy-bentonite 19.24 4.5 (Dultz et al., 2012) 
HDTMA-bentonite 11.96 4.5 (Dultz et al., 2012) 
BE-bentonite 15.08 4.5 (Dultz et al., 2012) 
RhB    
Fe-Mt 258.76 4 This study 
Acid-treated montmoirllonite 188.67 6.9 (Bhattacharyya et al., 2014) 
Acid-treated kaolinite 23.70 6.9 (Bhattacharyya et al., 2014) 
Fe-bentonite 98.62 5.0 (Hou et al., 2011) 
Sodium montmorillonite 42.19 7 (Selvam et al., 2008) 
Activated carbon 478.5 - (Ding et al., 2014) 
*Qm is the Langmuir adsorption capacity (mg/g). 393 
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Table 4 Desorption of adsorbed Cr(VI) and RhB by repeated equilibration with 0.01 M KCl in the 394 
simultaneous system 395 
Adsorbates Amount adsorbed (mg/g) 
Amount desorbed (mg/g) % Desorbed 1st 2nd 3rd Total 
Cr(VI) 10.78 1.03 0.37 0.21 1.61 14.9 
RhB 181.99 11.08 5.20 1.66 17.94 9.9 
 396 
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